Summary. Plasma 
Introduction
The rabbit blastocyst undergoes a dramatic size increase before implantation. Blastocoele volume increases from 2 nl on Day 3 post coitum (p.c.) to about 70 µ on Day 1 p.c. (Daniel, 1964; Nielsen, 1986) . This fluid accumulation is dependent upon active Na+ influx across the trophectoderm of the blastocyst (Borland et al, 1976) . By Day 6 p.c. as much as 30% of this flux is inhibited in vitro by the diuretic drug amiloride in concentrations of 0-1-1-0 mM (L. L. Nielsen, unpublished observation), while as much as 70% is inhibited by the same amiloride concentrations on Day 7 p.c. (Benos, 1981) . Powers et al (1977) demonstrated that, between Days 6 and 7 p.c., the transtrophectodermal potential difference undergoes a dramatic increase from approximately -3mV on Day 6 p.c. to + 21 mV on Day 1 p.c., the external bath being at ground potential. Administration of 10 µ -amiloride or removal of external Na+ reduced the potential difference to -3mV in the older embryos. This suggests that a conductive Na+ transport system is activated between Days 6 and 7 p.c.
The steroid hormone aldosterone increases conductive, amiloride-sensitive Na+ transport in adult rat colon ; Perrone & Jenks, 1984; Bridges et al, 1987) , neonatal pig colon Cremaschi et al, 1979) , toad urinary bladder (MacKnight et al, 1980; Palmer & Edelman, 1981) , and frog skin (Crabbe, 1964) . In all these tissues, aldosterone induces a conductive transport pathway due to the activation of an amiloridesensitive Na+ channel in the apical membranes of the epithelia. Therefore (PBS-gel buffer) . Small aliquants were taken from each sample and counted in 4 ml Ready-Solv HP (Beckman) in a Tracor Analytic 6895 liquid scintillation spectrometer for determination of procedural losses. The RIA tubes were set up such that each tube contained 100 µ antibody, 100 µ 3H-labelled steroid, and a total of 400 µ sample plus PBS-gel buffer. After overnight equilibration of the steroidreceptor complexes at 4°C, the assay tubes were incubated for 10 min with Dextran -70-coated charcoal, centrifuged for 10 min at 3000 g, and decanted into 4 ml Ready-Solv HP for determination of bound radioactivity. Doses and standard curves were computed using the program RIA001 (Rodbard & Rodgers, 1976) .
Cross-reactivity of the progesterone antibody (GDN-337 (Gibori et al, 1977) was less than 0-001% with cortisol, aldosterone, oestradiol-17ß, or testosterone; 1-5% with corticosterone; 1-9% with 11-deoxycorticosterone; 2-3% with oestrone; 3-8% with pregnenolone; 6-0% with 17-hydroxyprogesterone; and 19-6% with 11-deoxycortisol. Cross- reactivity of the aldosterone antibody (Underwood & Williams, 1972) was less than 0-001% with progesterone, corticosterone, cortisol, oestradiol-17ß, pregnenolone, androstenedione, testosterone, 5a-dihydrotestosterone (DHT), or dehydroepiandrosterone sulphate, and 0-41 % with 11 -deoxycortisol. Cross-reactivity of the corticosterone antibody (Radioassay Systems Lab., Inc., Carson, CA) was less than 0001 % with oestradiol-17ß, oestriol, testosterone, oestrone, or 11-deoxycortisol; 0-04% with dehydroepiandrosterone (DHA); 0-89% with aldosterone; 3-5% with DHT; 4-9% with pregnenolone; 31-4% with cortisol; 52-6% with progesterone; and 54-9% with 17-hydroxyprogesterone. Cross- reactivity of the cortisol antibody 21 (raised in the LHRRB by R. Todd) was less than 0-001% with progesterone, aldosterone, 17-hydroxyprogesterone, 11-deoxycortisol, DHA, pregnenolone, oestradiol-17ß, oestrone, androstene¬ dione, or DHT; 003% with testosterone; and 41% with corticosterone. Intra-assay variabilities were 5-9%, 19-7%, 6-5% and 13-6% for progesterone, aldosterone, corticosterone and cortisol assays, respectively. Interassay variabilities were 160%, 17-5%, 14-3% and 21-2% for the same steroids. No steroids were detected in water blanks routinely processed as samples in any of the assays. Known quantities of the three corticosteroids were added to rabbit plasma pools, then processed in the same manner as normal samples to determine assay accuracy. Five different doses of each steroid were used such that the accuracy of sample measurements across the entire range of the dose-response curves was checked. The mean percentage variation of the measured steroids from the theoretical values was 11 for aldosterone, 11-5 for corticosterone, and 151 for cortisol. 
where fNa represents the total unidirectional Na+ influx (pmol Na + .cm_2.h_1), C the total radioactivity in the blastocoele fluid (c.p.m.), A the surface area (cm2), / the duration of the flux period (h), S0 the specific activity of Na+ in the external bathing medium (c.p.m./pmol Na + ), and S°'5' the specific activity of Na+ in the blastocoele fluid (c.p.m./pmol Na + ) at the midpoint of the flux period. Transepithelial Na+ influx is linear for at least 30 min in Day 6 embryos (Benos & Biggers, 1983 (Fig. 3) .
Aldosterone
There were no statistically significant differences (P >005) between plasma aldosterone concentrations in pseudopregnant and pregnant rabbits on any given day. There were no sustained changes from control (P > 005) in aldosterone concentrations.
Corticosterone and cortisol
There were no statistically significant differences (P > 005) between trations on Day -1 were 33-8+10-2pg aldosterone/ml, 5-5 + l-Ong cortisol/ml, and 3-2 ± 1-2 ng corticosterone/ml. (Table 3) .
Sodium efflux
The rate of Na+ efflux from the blastocoele was measured to determine whether the amiloridesensitive component of Na+ influx is needed for blastocyst expansion. Sodium efflux rates were 0-22 + 003 µ Na + .cm 2.h~' for 8 Day-6 embryos and 0-29 + 0·03µ 1 Na + .cm"2.h_1 for 14 Day-7 embryos. Amiloride (1 mM) had no effect on these efflux rates (P > 005). A comparison was made between amiloride-refractory Na+ efflux and amiloriderefractory Na+ influx (Table 3 , column 5). Sodium efflux from Day-6 embryos was significantly less (P < 0-05) than Na+ influx. There was no significant difference ( > 005) between amiloriderefractory Na+ influx and efflux for Day-7 embryos.
Discussion
Before this study few data existed on the adrenal endocrinology of the pregnant rabbit. To test the hypothesis that a sustained mineralocorticoid increase induces a change in the amiloride-sensitivity of the rabbit blastocyst, it was necessary to determine physiological concentrations of circulating adrenal steroids. Aldosterone is the primary activator of amiloride-sensitive conductive Na+ trans¬ port in many epithelia. Aldosterone was therefore the most likely regulator of an amiloride-sensitive conductive Na+ pathway. Corticosterone was measured, because it functions as a mineralocorticoid in some systems, albeit a less potent one than aldosterone (Anderson & Fanestil, 1978 (Challis et al, 1973; Mills & Gerardot, 1984) . Rabbits which did not have elevated progesterone values after mating or hCG injection were excluded from the study.
Our measurements of adrenal steroid concentrations in catheterized female rabbits correspond well with those of Grospietsch et al (1980) who reported values of 78 + 101 pg aldosterone/ml (+ s.d.) and 7-4 + 7-4 ng glucocorticosteroid/ml (83% < 10 ng/ml) in catheterized male rabbits. The frequency of their sampling procedure (every 20 min) may have interfered with the normal drinking/excretion patterns of the rabbits, thereby artificially increasing the aldosterone concen¬ trations. Ganjam et al (1972) reported values of 4-3 + 1-1 ng corticosterone/ml (+ s.d.) and 1-0 + 0-3 ng cortisol/ml in non-pregnant female rabbits decapitated within 30 sec after first hand¬ ling. Our results confirm these reports concerning the low secretory rate of the unstressed rabbit adrenal gland.
A non-stressful method of blood collection, such as the indwelling catheter technique, is essential for measurement of physiological adrenal hormone concentrations. Guleff & Beck (1981) reported corticosterone values for pregnant rabbits of 24 ng/ml (Day 0) and 28 ng/ml (Day 7), while cortisol remained at 11 ng/ml. In another study, using non-pregnant rabbits, corticosterone was 24 ng/ml, while cortisol was 3 ng/ml (Mulay et al, 1973) . Both studies used venesection to collect blood samples. These hormone concentrations are 6-7 times higher than the physiological levels reported here. A comparison of hormone values from blood collected via catheters (Table 2) and by venesection (Table 3) shows that aldosterone also rises dramatically under stress. Progesterone concentrations in this study were 8-fold higher than control concentrations by 30 min after mating or hCG injection. This agrees well with the almost 7-fold increase found by Fuchs & Beling (1974) although the absolute concentrations of all their progesterone measurements were higher, probably due to methodological differences. Mills & Gerardot (1984) reported an acute progesterone rise by 2 h p.c. It appears likely that the sources of this preovulatory progesterone are the large ovarian follicles of the ovary, since Osteen & Mills (1980) reported a mean preovulatory progesterone content of 103 ng per follicle.
Several species exhibit developmental changes in the ability of amiloride to inhibit Na + trans¬ port across epithelia. Pig colon first exhibits amiloride sensitivity on the day after birth and this sensitivity continues to increase for the next 8 days (Cremaschi et al, 1979 (Cremaschi et al, , 1981 Ferguson et al, 1979; Hills et al, 1980 ). This event is triggered by sustained, high concentrations of plasma aldosterone for at least a week after birth. Aldosterone can also induce amiloride-sensitivity in adult colon from rat Perrone & Jenks, 1984) , rabbit (Frizzell & Schultz, 1978; Clauss et al, 1985) , and chicken (Clauss et al, 1984) . For example, adult rat colon is normally insensitive to amiloride. However, amiloride-sensitive Na+ transport can be induced by giving aldosterone or by diet changes which elevate plasma aldosterone Perrone & Jenks, 1984) . It takes about 4 days of continuously high mineralocorticoids for the maximum change in amiloride sensitivity. Spironolactone, an aldosterone antagonist, blocks the response. Progesterone, oestradiol-17ß or testosterone have no effect on Na + transport .
Comparison of adrenal hormones in pseudopregnant and pregnant rabbits allowed us to dis¬ tinguish between hormonal changes due solely to ovulation and high progesterone, and hormonal changes due to embryos in the uterus. The reproductive status of the female rabbit had no apparent effect on adrenal hormone concentrations. Therefore, ovulation and high progesterone concen¬ trations by themselves did not affect plasma adrenal steroids. In addition, there were no pregnancyspecific changes during preimplantation embryonic development. It seems unlikely, therefore, that a sustained increase in adrenal steroid concentrations is needed for the development of amiloride sensitivity in this system. Formation of the blastocoelic fluid involves active transport of electrolytes, notably Na + , across the trophectoderm, with water following passively (Gamow & Daniel, 1970; Cross, 1973; Borland et al, 1976 Borland et al, , 1977 Powers et al, 1977; Biggers et al, 1978 and 7 the amiloride-sensitive component of Na+ influx seems to become necessary for net fluid accumulation in the blastocoele. As seen in Fig. 4 , the rate of blastocyst fluid accumulation begins to increase rapidly after Day 6 (144 h p.c.) at the same time that the trophectoderm acquires amiloridesensitivity. The rate of blastocyst expansion continues to rise until at least the time of implantation, as do the amiloride-sensitive membrane potential and Na+ influx. This behaviour is consistent with our hypothesis.
Three investigations have studied the development of amiloride sensitivity across the rabbit trophectoderm (Powers et al, 1977; Benos, 1981; Benos & Biggers, 1983) . In all 3 studies, embryos were exposed to fetal calf serum (FCS) before measurement of amiloride sensitivity. In the present study, embryos were never exposed to FCS in vitro and did not exhibit amiloride-sensitive Na + transport. Their Na+ influx rates correspond well with published rates for embryos which were not sensitive to amiloride. Powers et al (1977) found that Day-6-5 embryos had a transtrophectodermal potential difference of +4-5 mV in Medium mFlO with FCS, but a potential difference of only + 60mV in KRBG, suggesting stimulation of transport functions by some factor in the enriched medium, probably a component in the serum.
